We carried out bias dependent STM images at various bias voltages. Imaging at relative high bias ( Fig. S1a and S1b) integrates many molecular orbitals, which blurs the detail molecular structures. The detailed structure becomes clearer at lower bias ( Fig. S1c ), in which we can see that the linear structure shows as a wavy line, decorated with bright dots at both sides.
Bias dependent STM images of the polymerized structures
We carried out bias dependent STM images at various bias voltages. Imaging at relative high bias ( Fig. S1a and S1b) integrates many molecular orbitals, which blurs the detail molecular structures. The detailed structure becomes clearer at lower bias ( Fig. S1c ), in which we can see that the linear structure shows as a wavy line, decorated with bright dots at both sides. Figure S1 Bias dependent STM images of the polymerized structure. Bias voltage is 1 V for (a), 100 mV for (b) and 16 mV for (c). Tunneling current is 100 pA. †To whom correspondence should be addressed. E-mail: panm@ornl.gov
2.Evolution of the "circuit-board" pattern
Although the depolymerized phase is stable at 28 K, the phenylvinylidene derivatives polymerizes again at elevated temperature. At 85 K, we continuously scanning a target region using positive bias (+1 V) and mark the linear structure along [001] and [010] with different colors. One can see that the "circuit-board" pattern moves upon the continuous scanning, indicating the depolymerization under positive voltage scanning and the subsequence polymerization due to the thermal fluctuations. pA. Image size is 60 nm×60 nm. 
Relaxed structural model and the simulated STM image of the depolymerized phase

Deprotonation Energy
The energy for deprotonation was calculated as follows. We considered two systems: system 1 is composed of one PA molecule in gas-phase and a bare Cu(100) surface; system 2 is composed of one deprotonated PA molecule deposited on Cu(100), with the corresponding H atom placed nearby the deprotonated PA molecule and deposited on Cu(100) as well. By comparing the energetics of system 1 and system 2, we find that the energy gained in going from system 1 to system 2 is 0.79 eV. Thus, the deprotonation by deposition of PA molecules on Cu(100) is energetically favored. All the calculations were done using the same unit cell.
Vibrational Mapping of Polymer
The spatial distribution of the inelastic tunneling signal associated with the molecule-substrate vibration, could be illustrated in IETs mapping (Fig. S4b) where the value of d 2 I/dV 2 is represented in a color scale as a function of spatial position with a fixed bias at +16 meV. This IETs mapping was taken simultaneously with the topographic image, which is also shown in left panel of Fig Since the stretch mode (IETs peak at 16 mV) has its maximal intensity on the mass center of the molecule, the shift we observed suggests the tilting of phenyl rings (Fig. 3B ). The tilting angle can be estimated about 12° and is in very good agreement from the tilting angle 16° determined from the DFT calculations. 
